Introduction
============

Difficulty with emotion regulation is a central component of many psychiatric disorders ([@nsx005-B30]; [@nsx005-B1]). Emotion dysregulation (ED) includes problems with emotional awareness or acceptance, difficulty controlling behavior in the presence of strong emotions, and an inability to adaptively use strategies to manage intense negative emotions. Exposure to trauma, particularly early in life, has been shown to be a major risk factor for the development of ED ([@nsx005-B11]; [@nsx005-B46]; [@nsx005-B2]). In turn, ED is seen as a risk factor for many trauma-related psychiatric disorders, including post-traumatic stress disorder (PTSD) and depression, suggesting that it is an important mechanism of risk linking early life trauma and later psychiatric outcomes ([@nsx005-B57]; [@nsx005-B35]). Understanding the neurobiological substrates of ED in the context of trauma exposure is critical in growing efforts to move away from a focus on distinct diagnoses and identify underlying mechanisms of risk, which may be specifically targeted in the context of treatment.

Great strides have been made in understanding the brain regions involved in the broader prefrontal-limbic network implicated in emotional processing and regulation. Limbic regions including amygdala and insula have been associated with emotional reactivity, while prefrontal regions are involved in emotional awareness, experience and regulation ([@nsx005-B17]). Among prefrontal regions, dorsomedial prefrontal cortex (dmPFC) and dorsal anterior cingulate cortex (dACC) help with emotional awareness, track level of emotional arousal ([@nsx005-B39]) and are activated by emotional conflict ([@nsx005-B19]). Dorsolateral and ventrolateral PFC assist in directly modifying emotional experience (explicit regulation) and rostral ACC and ventromedial PFC produce reflexive emotion regulation processes that may occur in the absence of deliberate attempts to control emotions (implicit regulation; [@nsx005-B21]).

Efforts to understand brain structural markers and functional activation patterns associated with the broader prefrontal-limbic network related to emotion regulation in healthy individuals has focused primarily on specific emotion regulation strategies (i.e. cognitive reappraisal and emotional suppression; see [@nsx005-B51]; [@nsx005-B12], for reviews) as well as implicit emotion regulation ([@nsx005-B20]; [@nsx005-B202]). Greater reappraisal use is associated with greater volume in prefrontal regions (dACC, [@nsx005-B28]; vmPFC, [@nsx005-B69]), and with the amygdala ([@nsx005-B33]). Expressive suppression use is also positively associated with volume in dACC and dmPFC ([@nsx005-B33]; [@nsx005-B38]), but negatively associated with vmPFC ([@nsx005-B69]). Regarding neural correlates, increased activation in prefrontal regions (dACC, vmPFC and dlPFC) and reduced activity in limbic regions (amygdala), in response to emotional stimuli have been implicated in successful cognitive reappraisal ([@nsx005-B29]; [@nsx005-B68]). For expressive suppression, activation in both PFC regions (vlPFC, dlPFC medial PFC) and limbic regions (insula and amygdala) have been found ([@nsx005-B29]; [@nsx005-B68]). To summarize, the ACC, PFC, insula and amygdala appear to play an important role in emotion regulation, yet variations of gray matter volume and patterns of brain function that contribute to dysregulated emotion more generally, thus not specific to a single emotion regulation strategy, have yet to be fully understood.

Research on structural or functional differences in this prefrontal-limbic network in relation to psychiatric disorders can also inform our understanding of brain correlates of ED. Indeed, differences in the structure of ACC and amygdala have also been associated with major depressive disorder (MDD; [@nsx005-B7]; [@nsx005-B66]) and PTSD ([@nsx005-B71]; [@nsx005-B70]; [@nsx005-B55]; [@nsx005-B65]). There is some evidence of increased thickness of dACC and decreased thickness of rACC in MDD patients compared with controls ([@nsx005-B7]; [@nsx005-B66]). Both decreased ACC and amygdala volume have been associated with PTSD ([@nsx005-B71]; [@nsx005-B70]; [@nsx005-B55]; [@nsx005-B65]). Altered activation patterns in PFC, ACC and amygdala have also been implicated in both depression ([@nsx005-B59], [@nsx005-B60]; [@nsx005-B3]; [@nsx005-B72]) and PTSD ([@nsx005-B23]; [@nsx005-B43], [@nsx005-B41]). In depressed patients, studies show hyperactivity in the mPFC ([@nsx005-B72]), dlPFC ([@nsx005-B3]), ACC ([@nsx005-B3]; [@nsx005-B72]) and amygdala ([@nsx005-B59], [@nsx005-B60]) during emotional tasks. Research on PTSD suggests different types of functional activity patterns based on the type of ED present. Under-modulation of negative emotion (i.e. presence of re-experiencing and hyperarousal PTSD symptoms) is associated with low activation of the vmPFC and rACC and high activation in the amygdala during emotion-eliciting tasks. Over-modulation of negative emotion, which is often thought of as a marker for dissociation, is associated with abnormally high activation of the medial PFC and dACC ([@nsx005-B23]; [@nsx005-B43][@nsx005-B41]). It is important to note that trauma exposure was not always accounted for in the context of these studies, particularly in the depressed samples.

Given the well-established association between trauma exposure and ED, it would be valuable to study these neural substrates in the context of a traumatized population. Therefore, the goal of this study was to identify associations between ED and both baseline structural differences and patterns of functional activity during an emotional face viewing task in a sample of women with high rates of exposure to trauma (including early life trauma) and high levels of psychiatric symptoms. Given the above described prior research, brain structure analyses were conducted using the amygdala, dACC, rACC, dmPFC and vmPFC as a priori regions of interest (ROI). We predicted that ED would be associated with lower amygdala volume, lower thickness and/or surface area of the rACC and vmPFC, and greater thickness and/or surface area of the dACC and dmPFC. Patterns of functional activity were also assessed using a whole brain analysis approach to capture the range of functional regions associated with various emotion regulation strategies. Secondary analyses were also conducted to determine the unique association between ED and these regions above and beyond the effects of trauma exposure and current psychiatric symptoms (i.e. PTSD, depression). Although not a direct aim of the study, analyses will be conducted to replicate previous findings of the association between trauma exposure, ED and psychiatric symptoms (PTSD, depression) within this sample.

Methods
=======

Participants
------------

Participants were recruited through an ongoing study of risk factors for PTSD. Participants were approached in the general medical clinics of Grady Memorial Hospital, a publicly funded hospital that serves economically disadvantaged individuals in Atlanta, Georgia. Consistent with the population of patients being seen in the hospital, the majority of participants in this study are African-American (\>90%). For this research we only included female subjects with self-reported African-American race/ethnicity to enhance data homogeneity, in addition to the fact that this is an under-represented group in psychiatric imaging research studies. Men were not included in this study, as significant sex differences have been observed in the neural processing of emotional stimuli ([@nsx005-B45]; [@nsx005-B63]). All participants were screened and met the inclusion criteria: between ages 18 and 65 and able to provide informed consent; exclusion criteria included presence of current psychosis, neurological disorders[^1^](#nsx005-FN1){ref-type="fn"}, current psychotropic medication or any MRI contraindications (e.g. ferromagnetic implants). Participants had normal or corrected-to-normal vision. Urine tests for pregnancy and non-prescribed substance use were conducted 24 h prior to MRI scan, and individuals who showed positive results for pregnancy or non-prescribed substances were excluded. All participants provided written informed consent prior to participating. Participants received monetary compensation for their time. The institutional review board of Emory University approved the study procedures, and testing took place at Grady Memorial Hospital and the Biomedical Imaging Technology Center at Emory University Hospital.

The sample included 136 African-American women (mean age = 38.83, s.d. = 11.84) who completed the structural MRI scan and all self-report measures used in the study. In the overall sample, 32.4% were employed and 83.5% reported a household income of \<\$2000 a month. Almost all participants were exposed to trauma (95.6%). A subset of those women (*n* = 92) also completed the functional fMRI task. There were no significant differences in demographics or variables of interest across the two groups.

Measures
--------

Psychological measures were administered on the day of recruitment.

***Emotion*** ***d*** ***ysregulation.*** The Emotion Dysregulation Scale (EDS), is a 12-item self-report scale of ED ([@nsx005-B53]) and was used to measure current level of ED. Items are scored from '1 (not true)' to '7 (very true)' and assess domains of emotional experiencing (e.g. 'Emotions overwhelm me'), cognition (e.g. 'When I'm upset, everything feels like a disaster or crisis'), and behavior (e.g. 'When my emotions are strong, I often make bad decisions'). In this sample, the average score on the EDS was 35.90 (s.d. = 18.94, range = 12--84). Internal consistency of the EDS was high (α = 0.93) and the measure has shown good construct validity within this population in predicting a range of negative psychiatric outcomes ([@nsx005-B53]).

***Psychiatric*** ***s*** ***ymptoms.*** The PTSD Symptom Scale ([@nsx005-B24]) is an 18-item self-report scale and was used to assess current PTSD symptoms (17 items) and duration (mean = 12.48, s.d. = 11.81, range = 0--50). Diagnosis of PTSD was based on DSM-IV-TR (APA, 2000) diagnostic criteria for PTSD, and requires report of at least one re-experiencing symptom, two avoidance/numbing symptoms and two hyperarousal symptoms, as well as symptom duration of at least 1 month (31.3% of women in the sample met criteria for PTSD). The Beck Depression Inventory, II (BDI; [@nsx005-B4]) is a 21-item self-report measure and was used to assess current depression symptoms (mean = 15.06, s.d. = 11.46, range = 0--48). Diagnosis of depression was based on a score of 18 or higher (32.8% of women in this sample met criteria for depression).

***Trauma*** ***e*** ***xposure.*** The Childhood Trauma Questionnaire (CTQ; [@nsx005-B6]) is a 25-item self-report instrument assessing sexual, physical, emotional abuse, and neglect in childhood (mean = 40.75, s.d. = 16.84, range = 25--105). Based on cutoffs established by [@nsx005-B201] for moderate-to-severe reported exposure to emotional (score ≥ 13), physical (score ≥ 10) and/or sexual (score ≥ 8) abuse in childhood, 48.2% of our participants experienced moderate-to-severe abuse.

The Traumatic Events Inventory (TEI; [@nsx005-B27]) is a 14-item screening instrument and was used to measure total level of trauma exposure by a sum score reflecting the total number of different types of trauma to which a participant had been exposed over the course of their life (child abuse was excluded from analyses to avoid overlap with CTQ; mean = 4.03, s.d. = 2.40, range = 0--11).

Fearful faces fMRI task
-----------------------

Eight fearful and eight neutral (four male and four female) faces were selected from the stimulus set of Ekman and Friesen ([@nsx005-B16]). Blocks of fearful and neutral stimuli (15 blocks each) were presented in a pseudorandom order. Participants were instructed to pay attention to the faces, but did not make any behavioral response, in order to minimize motion artifacts and neural activation unrelated to processing the visual stimulus (for full procedure, see [@nsx005-B64]).

Brain imaging acquisition and analysis
--------------------------------------

Brain imaging data were acquired on a Siemens 3.0-Tesla Magnetom Trio TIM whole-body MR scanner (Siemens, Malvern, PA) using a 12-channel head coil. Structural images were acquired using a gradient-echo, T1-weighted pulse sequence (TR = 2600 ms, TE = 3.02 ms; 1 × 1 × 1 mm voxel size). Functional images were acquired using the Z-SAGA pulse sequence ([@nsx005-B32]) to minimize signal loss due to susceptibility artifacts. Each scan volume contained 30 axially acquired 4 mm thick images with an in-plane resolution of 3.44 × 3.44 mm utilizing the parameters: TR = 3000 ms, TE1 = 30 ms, TE2 = 67 ms, at a flip angle of 90°.

***Structural MRI analysis.*** Both cortical thickness and surface area were examined. T1 images were processed in Freesurfer version 5.3 (<https://surfer.nmr.mgh.harvard.edu>). Gray matter volume from subcortical structures was extracted through automated segmentation, and data quality checks were performed following the ENIGMA 2 protocol (<http://enigma.ini.usc.edu/protocols/imaging-protocols/>), a method designed to standardize quality control procedures across laboratories to facilitate replication. Amygdala volume and total intracranial volume were exported to SPSS for further analysis.

Cortical surface reconstruction and thickness measurement were performed using Freesurfer's surface-based analysis, and data quality checks were performed following the ENIGMA 3 protocol. A priori regions were exported to SPSS for further analysis. These regions included: left and right dACC (Freesurfer label: caudal ACC), left and right rACC (Freesurfer label: rostral ACC), left and right dmPFC (Freesurfer label: superior frontal) and left and right vmPFC (Freesurfer label: medial orbitofrontal). See [Supplementary Materials](#sup1){ref-type="supplementary-material"} for additional details.

***FMRI data analysis.*** Preprocessing and statistical analysis was conducted in SPM8 (Wellcome Trust Centre for Neuroimaging; <http://www.fil.ion.ucl.ac.uk/spm>). ArtRepair software ([@nsx005-B47]) was used to correct signal spike and motion artifacts. Slices containing spike artifacts were identified and replaced using linear interpolation, with no \>5% of slices repaired per participant. Volumes affected by motion artifact were repaired using linear interpolation, with no \>5% of volumes repaired per participant. Slice timing correction and spatial realignment were applied to the functional images. A 128 Hz high-pass filter was used to remove low-frequency noise ([@nsx005-B34]). The anatomical image was then co-registered to the mean functional image and normalized to the International Consortium for Brain Mapping 152-subject template. The resulting normalization parameters were applied to the functional images. The functional images were then smoothed with an 8 mm Gaussian kernel.

Hemodynamic responses to blocks of fearful and neutral stimuli were modeled with a boxcar function representing the onset and 8000 ms duration of the block, convolved with a canonical hemodynamic response function, as implemented in SPM8. Participant-specific motion parameters were included as covariates. Contrast images representing the linear comparison of beta values for the fearful *vs* neutral conditions were constructed for each participant, and were entered into group-level random effects analysis to identify clusters of significant activation. Group-level models were covaried for age.

The effect of EDS total score on brain activation was assessed voxel-wise across the whole brain. Statistical analyses were conducted using permutation testing implemented in the Statistical nonParametric Mapping toolbox (SnPM13; <http://warwick.ac.uk/snpm>). Permutation approaches have recently been shown to provide an ideal balance of Types I and II error in simulation studies ([@nsx005-B15]). Results were corrected to *P* \< 0.05, FWE-corrected, with an initial threshold of *P* \< 0.001 and 5000 permutations. For clusters meeting corrected brain-wide significance, contrast estimates for the fearful \> neutral contrast were extracted as the mean of all super-threshold voxels, for use in secondary analyses implemented in SPSS.

Data analytic approach
----------------------

First, correlations between EDS score, trauma variables and psychiatric symptoms were assessed, as well as analysis of variance for mean differences in EDS score based on PTSD and depression diagnoses. Then, correlations between brain structural ROIs and EDS score were conducted. Amygdala, dACC, rACC, dmPFC and vmPFC (left and right hemispheres assessed separately) were used as ROIs based on previous research findings associating these regions with emotion regulation and trauma-related psychopathology relevant to ED. Bonferroni correction was used to account for multiple testing across the ROIs (18 correlation analyses total).

For the subset of women (*n* = 92) with available fMRI data, the mean contrast values for the clusters that met whole brain significance were extracted. A series of multiple linear regression models were utilized to examine the unique predictive value of these patterns of activation (i.e. contrast values) on ED symptoms, over and above trauma exposure, PTSD symptoms and depression symptoms. Secondary analyses were then conducted to examine associations between contrast values for patterns of activation and psychiatric outcomes (i.e. current PTSD and depression severity). Then, based on these results, the potential mediating effect of EDS score on associations between significant clusters and psychiatric outcomes was assessed. Mediation analyses were performed with PROCESS ([@nsx005-B31]) for SPSS. We generated 5000 bootstrap samples to yield a 95% bias-corrected confidence interval (CI) of the indirect effect *a×b* (i.e. the mediation effect). If the CI for the indirect effect (*a×b*) calculated by the bootstrap analysis does not include zero, the indirect effect is significant and mediation is established.

Results
=======

Associations between ED, trauma exposure and clinical outcomes
--------------------------------------------------------------

There were strong positive correlations between EDS score and child abuse severity (*r~136~= ~ ~*0.35, *P* \< 0.001), overall trauma exposure (*r~136 ~=* 0.21, *P* \< 0.01), current PTSD symptoms (*r~136~=* 0.48, *P* \< 0.001), and depression symptoms (*r~136~=* 0.56, *P* \< 0.001). When examined by depression or PTSD diagnoses, ANOVA results demonstrated significantly higher levels of ED symptoms in participants with depression \[*F=* 48.18, *P* \< 0.001; mean (s.d.): no depression: 29.30 (15.90), depression: 49.83 (17.81)\] and PTSD \[*F=* 26.48, *P* \< 0.0001; mean (s.d.): no PTSD: 30.92 (15.63), PTSD: 47.29 (21.27)\].

Structural analysis of brain regions with EDS
---------------------------------------------

As shown in [Table 1](#nsx005-T1){ref-type="table"}, right dACC surface area average was significantly positively associated with EDS after controlling for multiple testing using Bonferroni correction (*r~136~=* 0.26, *P = *0.002). No other regions examined were significantly correlated with EDS. Based on the correlation results, a secondary linear regression analysis was used to determine whether surface area of the right dACC was predictive of EDS score above and beyond the effects of age, ICV, child abuse severity, lifetime trauma load (excluding child abuse), PTSD symptoms and depression symptoms. The overall model including all variables was significant (*F* change *=* 9.39, *P* \< 0.01) and accounted for 42% of the variance in EDS score, with right dACC surface area accounting for 4% of unique variance above and beyond trauma and psychopathology (*b=* 0.22, *t=* 3.07, *P* \< 0.01). Table 1.Correlations between EDS score and volume, surface area, and thickness Freesurfer dataEDS score***r*-valueBrain volume:**Amygdala (L)−0.03Amygdala (R)−0.04**Surface area:**dACC (L)0.15dACC (R)0.26[\*\*](#tblfn1){ref-type="table-fn"}rACC (L)0.05rACC (R)0.03dmPFC (L)−0.01dmPFC (R)−0.03vmPFC (L)0.11vmPFC (R)0.02**Thickness:**dACC (L)−0.13dACC (R)0.06rACC (L)−0.04rACC (R)−0.14dmPFC (L)−0.07dmPFC (R)−0.07vmPFC (L)0.02vmPFC (R)0.01[^1]

fMRI activation with EDS in response to fearful facial expressions
------------------------------------------------------------------

Whole-brain analyses showed significant positive correlations between EDS and reactivity to fearful face stimuli in the superior temporal gyrus/interior frontal gyrus (BA38/47; cluster 1), the dmPFC (BA9; cluster 2), vmPFC (BA11; cluster 3) and middle temporal gyrus (BA37/21; cluster 4) regions when controlling for multiple testing (see [Figure 1](#nsx005-F1){ref-type="fig"} and [Table 2](#nsx005-T2){ref-type="table"}).

![Activation results of region response to fearful stimuli with ED scores based on whole brain analysis, *P*~corr~ \< 0.05. Results are displayed in neurological orientation on a representative single-subject template brain in MNI space. Scatter plot graph shows the correlation between mean contrast estimate across voxels in the dmPFC cluster, for the Fear \> Neutral contrast, and ED score.](nsx005f1){#nsx005-F1}

Table 2.Whole-brain analysis characterizing significant associations between region activation and EDS scoreMNI coordinatesClusterRegionSideXYZmm^3^*T* valueFWE~*corr*~*P*-value1Superior Temporal Gyrus, Inferior Frontal Gyrus (BA 38, 47)L−4220−2232644.350.0322dmPFC: Superior Medial Frontal Gyrus, Medial Frontal Gyrus (BA 9)L−2482623044.320.0493vmPFC: Orbital Medial Frontal Gyrus, Medial Frontal Gyrus (BA 11)L−252−1424964.250.0454Middle Temporal Gyrus (BA 37, 21)L−62−24−1449284.090.018[^2]

Linear regression analyses were then conducted to evaluate the predictive value of fMRI contrast values for the four significant clusters on EDS score above and beyond the effects of age, childhood abuse severity, lifetime trauma load, current PTSD and depression symptom severity. As shown in [Table 3](#nsx005-T3){ref-type="table"}, clusters were all significantly predictive of EDS beyond the effects of covariates (*P* \< 0.01). Table 3.Linear regression model predicting EDS score from significant clusters*R^2^tR^2^ changeF change***Model 1**0.470.4714.15[\*\*\*](#tblfn3){ref-type="table-fn"}**Model 2**Superior Temporal Gyrus/Inferior Frontal Gyrus (Cluster 1)0.585.170.1326.68[\*\*\*](#tblfn3){ref-type="table-fn"}dmPFC (Cluster 2)0.513.280.0610.75[\*\*](#tblfn3){ref-type="table-fn"}vmPFC (Cluster 3)0.544.080.916.62[\*\*\*](#tblfn3){ref-type="table-fn"}Middle Temporal Gyrus (Cluster 4)0.564.630.1121.41[\*\*\*](#tblfn3){ref-type="table-fn"}[^3][^4]

Associations between activated brain regions and psychiatric outcomes
---------------------------------------------------------------------

Secondary analyses were then conducted to determine whether these clusters were associated with psychiatric outcomes (i.e. current PTSD and depression symptoms). Of the four clusters, only dmPFC (Cluster 2) was significantly associated with PTSD (*r~92~=*~* *~0.26, *P = *0.014) and depression symptoms (*r~92~=* 0.26, *P = *0.014). See [Supplementary Table S1](#sup1){ref-type="supplementary-material"} for bivariate correlations between clusters 1--4 and psychiatric outcomes.

Based on the significant relationships between the dmPFC and these psychiatric outcomes, two mediation analyses were run to determine whether ED mediated the association between dmPFC activation and both psychiatric outcomes. As shown in [Figure 2](#nsx005-F2){ref-type="fig"}, EDS score fully mediated the association between dmPFC reactivity to faces and current PTSD symptoms (overall model: *R*^2^*=* 0.20, *F=* 11.21, *P* \< 0.001, bias corrected 95% CI *=* 3.64--14.56) as well as current depression symptoms (overall model: *R*^2^*=* 0.40, *F=* 30.10, *P* \< 0.001, 95% CI *=* 6.62--19.42).

![PROCESS mediation model showing the full mediating effect of ED on the relation between dmPFC activation during a fearful faces task and current PTSD and depression symptoms; a, association between dmPFC activation and ED score; b, association between ED score and PTSD/depression symptoms; c', association between dmPFC and PTSD/depression symptoms once ED is included in the mediation model.](nsx005f2){#nsx005-F2}

Discussion
==========

In this study, we investigated associations between ED symptoms and brain structure and functional activity in an urban, community sample of African American women with high rates of trauma exposure and psychiatric symptoms. Across both structural and functional analysis, we found that ED was independently related to patterns of structural difference and functional activity in brain regions associated with emotion processing and learning above and beyond any effects of trauma exposure or current PTSD or depression symptoms. Although not a specific aim of this study, in support of the growing body of research showing that ED is a transdiagnostic factor related to many types of psychiatric disorders ([@nsx005-B61]; [@nsx005-B1]; [@nsx005-B8]), we also found strong relationships between ED, trauma exposure and PTSD and depression symptoms in this sample further demonstrating these important associations.

Regarding structural analytic results, in support of our hypothesis, we found evidence of a positive association between ED symptoms and right dACC surface area, an area well known for its role in processing emotional content and fear learning (e.g. [@nsx005-B48]; [@nsx005-B18]). Other ROI examined (amygdala, rACC, dmPFC, vmPFC) were not significantly associated with self-reported ED. Research examining structural markers of ED among participants with significant levels of psychiatric symptoms is very limited, and studies examining structural abnormalities in MDD and PTSD, whose symptoms involve features of ED, have been mixed. Some evidence in MDD patients has shown greater thickness of the dACC in patients compared with healthy controls ([@nsx005-B66]). However, there has been more consistent evidence that lower volume of rACC is associated with exposure to child abuse, MDD and anxiety disorders ([@nsx005-B36]; [@nsx005-B67]; [@nsx005-B7]; [@nsx005-B37]), as well as lower dACC volume in patients with child-abuse related complex PTSD ([@nsx005-B65]). Interestingly, in healthy adults, greater dACC thickness is positively related to skin conductance response during fear conditioning; given its role in fear expression, the structure of dACC may predispose individuals to have stronger fear reactions ([@nsx005-B49]). There is growing evidence that supports the idea of use-dependent brain changes, such that volumetric changes can occur based on usage ([@nsx005-B44]; [@nsx005-B26]; [@nsx005-B14]). Therefore, it is possible that greater surface area in the dACC is a reflection of greater use of this region and greater negative emotion expression. Alternatively, greater surface area in this region may be a predisposing factor that impacts fear expression and over-attention to emotional cues in the environment for individuals, making them more susceptible to develop significant deficits in emotion regulation. In fact, structural differences in brain regions do not necessarily explain functional differences in brain activity, and so it will be critical to examine the development and impact of such structural changes on ED in future longitudinal research.

Regarding functional activity, we found significant associations between ED symptoms and activation to fearful faces in the superior temporal and inferior frontal gyri (BA38/47), dmPFC (BA9), vmPFC (BA11) and middle temporal gyrus (BA37/21). Importantly, linear regression analyses demonstrated that these clusters significantly predicted ED symptoms even after accounting for trauma exposure and psychiatric symptoms (effect sizes ranged from 0.06 to 0.13). The finding that individuals with high levels of ED show increased dmPFC response to fearful stimuli is consistent with research showing dmPFC activation when individuals are asked to purposefully increase their emotional response to a stimulus ([@nsx005-B52]). BA 9 itself is associated with processing of emotional scenes and attention to negative emotions ([@nsx005-B40]; [@nsx005-B5]). This suggests that greater activation of the dmPFC during this task may represent a pattern of overactive attention to processing negative emotional stimuli (even when the threat is low) in individuals with high levels of ED, leaving fewer cognitive resources available to engage in other processes, such as adaptive emotion regulation. Additionally, activation of vmPFC has previously been associated with implicit emotion regulation ([@nsx005-B19][@nsx005-B18]) and the use of reappraisal and suppression ([@nsx005-B29]; [@nsx005-B68]). Therefore, these women with high levels of ED may also be attempting to regulate emotional reactions but are expending significant resources without actual effectiveness in adaptively modulating the emotional experience.

We also found that dmPFC was associated with current PTSD and depression symptom severity within this sample. Our finding further supports previous research showing hyper-activation of dmPFC and dACC in individuals with PTSD ([@nsx005-B43]; [@nsx005-B56]). Findings suggest that the function of this region may be impaired in the processing of contextual information in individuals with PTSD ([@nsx005-B48]; Rougemont-Bucking *et al.*, 2011). For example, in a study of fear learning and extinction in PTSD patients ([@nsx005-B56]), the investigators found that dmPFC activation tracked the likelihood of threat within a particular context, and individuals with PTSD did modulate their dmPFC responses to a context that signaled safety. There is other evidence that dmPFC and dACC activation during tasks involving attention to emotional cues could be representative of attentional bias for threat in individuals with PTSD ([@nsx005-B22]). However, since we also found that the dmPFC region was associated with current depressive symptoms, the findings suggest that this region may be important to risk for or resilience to multiple negative psychiatric outcomes. In fact, we found that ED symptoms fully mediated the association between activity in the dmPFC and these psychiatric outcomes, suggesting that the link between heightened dmPFC activation during processing of negative emotional stimuli and psychiatric outcomes in this sample is a result of ED, not disorder-specific psychiatric symptoms *per se*.

Clearly, none of these brain regions discussed operate in isolation and are all part of a broader network that impact emotional experiences and responses (see [@nsx005-B21] for a broader review of this network in PTSD). Among healthy individuals, PFC and ACC help to monitor and resolve emotional conflict and response, dampening limbic activation through top-down inhibition. Evidence shows hyperactivation of limbic regions and hypoactivation of PFC and ACC regions in individuals with PTSD, and communication between those regions within the network also breaks down ([@nsx005-B64]). Examination of connectivity between regions was beyond the scope of the present study, but future studies should examine connectivity between PFC, ACC and limbic regions in traumatized adults with high and low levels of ED and psychiatric symptoms.

Despite evidence suggesting that the PFC modulates limbic regions (including the amygdala) and that this circuit plays a central role in emotion regulation ([@nsx005-B62]), we did not find any evidence for an association between ED and amygdala activation. Previous neuroimaging studies have shown that dmPFC activation correlates positively with cognitive emotion regulation (i.e. appraisal) and amygdala activation correlates negatively with cognitive emotion regulation ([@nsx005-B50]; [@nsx005-B18]), but we could not replicate this finding, potentially due to the conservative correction for multiple testing that we applied. Research has consistently shown that PTSD is associated with increased amygdala response to fearful stimuli (e.g. [@nsx005-B58]; [@nsx005-B10]; [@nsx005-B25]) and this has been shown within our lab using a similar sample ([@nsx005-B64]). Although this heightened amygdala response may represent heightened emotional reactivity in individuals with PTSD, anxiety disorders and depression ([@nsx005-B21]; [@nsx005-B60]), our measure of ED reflects more generalized problems, such as managing strong emotions as they arise and feeling out of control with one's own emotion.

Thus, overactivation of dmPFC may better capture a transdiagnostic risk factor for deficits in the regulation of emotional response that also spans multiple disorders. All the data used in this study are cross sectional, such that clear pathways of risk cannot be established at this time. This question would be best addressed by a longitudinal investigation examining whether dmPFC (and amygdala) reactivity before development of ED or exposure to traumatic events is predictive of later development of ED and subsequent PTSD and depression post-trauma.

This study included several limitations. First, all psychiatric variables of interest were measured using self-report. Future studies would benefit from creating symptom severity scores and diagnosis for PTSD and depression through clinical interviews. Using a longer measure of ED that includes various dimensions of ED would be beneficial. Including behavioral and physiological measures of ED in addition to self-report may also help to further disentangle the brain mechanisms involved in ED. In addition, the participants viewed stimuli that depicted Caucasian faces, raising the possibility that social out-group biases may influence neural responses. The primary reason for selecting this task was that it has been well validated in the literature (e.g. [@nsx005-B9]; [@nsx005-B58]). However, future work should examine neural responses to faces representing African American and other racial/ethnic groups. Additionally, we did not assess for how current life stress related to financial and environmental factors may independently impact the associations found. Finally, this study included only female African American participants; the findings may not generalize to men or other racial groups. Although generalizability to populations other than African American women in is a concern, this is off set by the fact than African American women participants are underrepresented in this area of research. Further, data on this understudied population have public health importance, given the high levels of trauma and trauma-associated health problems present in this population Furthermore, most of the research on emotion regulation is completed in samples comprised of healthy individuals as well as those with limited trauma exposure, and little remains known about ED in either functional or structural MRI research in the context of traumatized populations. Therefore, there is in fact a great benefit in conducting research in this high-risk population.

In summary, the current findings demonstrate that ED is associated with increased dACC surface area and enhanced vmPFC and dmPFC activation among civilian African American women drawn from a highly traumatized population. Furthermore, ED mediates associations between enhanced dmPFC activation and depression and PTSD, showing evidence of its role as a transdiagnostic factor associated with many forms of psychopathology and the potential independent neurobiological risk factors associated with this construct. These results provide support for a model of risk in which neural substrates supporting healthy emotional processing are disrupted and may negatively impact emotion regulation abilities, thus leading to various psychiatric outcomes. Future longitudinal research is needed to further understand this pathway of risk.
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Screening for previous closed head injury with loss of consciousness was based on self-report.

[^1]: *P = *0.002 (the Bonferroni correction for significance).

[^2]: *n* = 92; Brodmann area (BA).

[^3]: *P* \< 0.01; \*\*\**P* \< .001.

[^4]: Model 1 includes covariates age, child abuse severity score (CTQ), non-abuse trauma exposure (TEI), current PTSD symptoms (modified PTSD Symptoms Scale), and depression symptoms (BDI); Model 2 includes covariates in step 1 and contrast values for the four significant clusters entered into separate models.
